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osting by EAbstract Caspases are key intracellular molecules in the control of apoptosis, but little is known
concerning their relative contribution to the cascade of events leading to eosinophil apoptosis. We
examined caspase-3, -8, and -9 activities in receptor ligation dependent apoptosis induction in the
cultured eosinophils (CE). CE cultured alone for 48 hours exhibited constitutive apoptosis
(12%± 1.2). Signiﬁcant (P< 0.05) enhancement of eosinophil apoptosis was observed following
monoclonal antibody (Mab) treatment with CD45 (40%± 0.7), CD95 (36%± 1.6), or CD69
(34%± 0.2). Caspase activity was analysed using the novel CaspaTagTM technique and ﬂow
cytometry. CE ligated with CD45 (Bra55), CD95 (Fas) and CD69 Mab resulted in caspase-3 and
-9 activation after 16 hours post-ligation. This trend in caspase-3 and -9 activation continued to
increase signiﬁcantly through to the 20 and 24 hours time points when compared to isotype control.
Activated up-stream caspase-8 was detected 16 and 20 hours after treatment with CD45, CD95 and.Q. Alenzi).
ity. All rights reserved. Peer-
d University.
lsevier
30 F.Q. Alenzi et al.CD69 Mab followed by a trend toward basal levels at 24 hours. Ligation of CD95 was followed by
mitochondrial permeabilization, as demonstrated by marked increase in mitochondrial transmem-
brane potential (DWm) at all time points. However, ligation with CD45 and CD69 failed to induce a
change in DWm at 16 hours post-treatment compared to isotype control even though there was an
alteration in mitochondrial downstream-caspase activity following ligation with these Mab(s) at this
time point. At 20 and 24 hours post-ligation, CD45 or CD69 induce signiﬁcantly altered levels of
DWm. Thus, the intrinsic and extrinsic caspase pathways are involved in controlling receptor liga-
tion-mediated apoptosis induction in human eosinophils, ﬁndings that may aid the development
of a more targeted, anti inﬂammatory therapy for asthma.
ª 2009 King Saud University. All rights reserved.1. Introduction
Eosinophil accumulation in the lungs is a well-deﬁned feature
of the inﬂammatory processes underlying allergic asthma even
in mild forms of the disease (Bousquet et al., 1990). Eosino-
phils contain cytotoxic cationic granule proteins, together with
membrane derived lipid mediators and have also been shown
to synthesize up to 28 cytokines, chemokines and growth fac-
tors, many of which are stored in their crystalloid granules.
These well-deﬁned characteristics has led to the paradigm that
eosinophils are major effector cells in the inﬂammatory process
underlying much of the pathogenesis of asthma and other
allergic diseases (Walsh et al., 2005). Eosinophils are also
thought to contribute to the pathophysiology of airway
remodelling (Broide, 2008) primarily through the release of
substances, particularly transforming growth factor beta
(TGFb, involved in extracellular matrix (ECM) deposition
leading to sub-epithelial membrane thickening (Wenzel et al.,
1999). Eosinophil deﬁcient mouse models, though yielding dif-
fering results, have provided strong support for eosinophil
involvement in asthma (Lee et al., 2004; Humbles et al.,
2004). More recent evidence suggests that eosinophils may be
critical in the regulation of Th2 (T-helper 2) immune responses
in the lung following allergen provocation (Wang et al., 2007).
Eosinophil persistence in asthma is likely a result of inhibition
of apoptosis and/or defects in their phagocytic removal (Walsh
et al., 2005). Accordingly there is much interest in the intracel-
lular pathways responsible for the initiation and control of
eosinophil apoptosis.
Puriﬁcation of sufﬁcient peripheral blood eosinophils for
the study of their role in asthmatic and allergic inﬂammation
can be problematic because eosinophils usually comprise only
a small percentage (1–3%) of circulating leukocytes. Eosino-
phils cultured from CD34+ progenitors are a useful tool pro-
viding large numbers of cells for the study of eosinophil
function. Cultured eosinophils (CE) have been used to examine
chemotaxis, receptor expression, mediator release, and killing
of complement-opsonized schistosomula (Walsh et al., 1990;
Lundahl et al., 2002; Mahmudi-Azer et al., 2000; Velazquez
et al., 2000). Furthermore, Walsh’s group demonstrated that
peripheral blood eosinophils and CE share many phenotypic
characteristics (AlRabia et al., 2003).
Caspases, aspartate-speciﬁc cysteine proteases, regulate the
execution phase of apoptosis. Two main pathways, the intrin-
sic and the extrinsic, have been deﬁned for caspase activation
in cells undergoing apoptosis. In both pathways, effector
caspases trigger the limited proteolytic cleavage of intracellu-lar structural and regulatory proteins, thus leading to mem-
brane blebbing, chromatin condensation and nuclear DNA
fragmentation, which characterise apoptosis (Riedl and Shi,
2004). Previous studies have demonstrated that Mab-depen-
dent ligation of cluster of differentiation (CD) CD69 (Walsh
et al., 1996) or CD45 (Blaylock et al., 1999) potently and rap-
idly induce eosinophil apoptosis. We, therefore, investigated
the earliest events including: activation of caspases-3, -9,
and -8 using the novel FLICA (ﬂuorochrome inhibitor of
caspases) technique and ﬂow cytometry together with exami-
nation of changes in phosphatidylserine (PS) exposure and
mitochondrial transmembrane potential (DWm) in CE follow-
ing Mab-dependent membrane receptor ligation of CD45,
and CD69 compared with Fas (CD95) or dexamethasone
treatment.
2. Materials and methods
2.1. Antibodies, recombinant proteins and probes
CD45RB Mab (Bra11; IgG1) was obtained from Stratech
Scientiﬁc Ltd. (CA, USA). CD69 Mab (P81) and CD95 Mab
(B-10) obtained from Autogen Bioclear (Wiltshire, UK) and
Santa Cruz Biotechnology (Heidelberg, Germany), respec-
tively. Mouse IgG1 Mab isotype-matched control (DAK-
GO1), mouse IgG2a Mab isotype-matched control (DAK-
GO5) were obtained from Dako (Cambs, UK). This study
was conducted between June 2007 and December 2008.
2.2. Cultured eosinophils (CE)
Cultured eosinophils were derived from human peripheral
blood CD34+ progenitors isolated and cultured in the pres-
ence of recombinant human IL-3, IL-5, rhGM-CSF, SCF,
and FLT-3 ligand as previously described (AlRabia et al.,
2003). Cultured eosinophils were washed with RPMI 1640
(supplemented with 10% FCS, 100 IU/ml penicillin, 100 mg/
ml streptomycin and L-glutamine) and adjusted to a concen-
tration of 2 · 106/ml in the same medium. Aliquots of CE
(100 ll) were incubated for varying time points in 96-well
ﬂexible ﬂat-bottomed plates (BD Biosciences, Oxon, UK)
alone or with experimental antibodies, isotype-matched con-
trols or dexamathasone. Isotype control Mab was included
in all experiments to exclude the possibility of non-speciﬁc
induction of eosinophil PS exposure, caspase activation or
changes in DWm. All experimental and control Mab were used
at a ﬁnal concentration of 10 lg/ml.
40
4
Dex 10 -6IgG1 CD69
10 1
10
11
10
3
10
3
10
3
4
PI
2 2
FL
-3
-P
I
FL
-3
-P
I
FL
-3
-P
I
FL
-3
-P
I
FL
-3
 10 10
10
10
1
10
1
10
1
2
0 0
100 101 102 103 104
FL1-Annexin FL1-Annexin
100 101 102 103 104
FL1-Annexin
FL1-Annexin FL1-Annexin
100 101 102 10
38
3 104
10 10
10
4 4
FAS
34
10 1
0
10
3
10
3
10 10
10
1
10
1
100 101 102 103 104 100 101 102 103 104
10 10
9
Bra55
39
Figure 1 Flow cytometric analysis of apoptosis in cultured eosinophils. Representative experiment showing ﬂow cytometric analysis of
CE binding of annexin V-FITC (FL1-H) and uptake of PI (FL3-H) after incubation for 48 hours with dexamethasone (106 M) or Mab
against pan-CD45 (BRA55), Fas (CD95), CD69, or an isotype control. Numbers in the upper right quadrant refer to annexin +/PI
(early apoptosis) and annexin +/PI+ (late apoptosis) CE.
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ﬂow cytometry
Following incubation with saturating concentrations of the
isoform-speciﬁc CD45 Mab or suitable isotype-matched con-
trols, CE were assessed for concurrent apoptosis and viability
as determined by annexin V-FITC (annexin V-Fluorescein
isothiocyanate) binding to exposed phosphatidylserine and
propidium iodide (PI) uptake as previously described (Blay-
lock et al., 1999). Brieﬂy, CE were washed twice in PBS then
resuspended in binding buffer (HEPES-buffered PBS supple-
mented with 2.5 mmol/l calcium chloride) before the addition
of FITC-conjugated annexin V for 10 min at room tempera-
ture. Cells were washed and resuspended in binding buffer
and propidium iodide was added to a ﬁnal concentration of
1 mg/ml; cells were immediately analysed on a ﬂow
cytometer.
2.4. Assay of caspase activity
Caspase activities were determined in parallel experiments
using ﬂuorochrome inhibitor of caspases (FLICA). The fol-
lowing carboxyﬂuorescein FLICA kits were used in the course
of this study: caspase-3 (FAM-DEVD-FMK), caspase-9
(FAM-LEHD-FMK) and caspase-8 (FAM-LETD-FMK)
(Immunochemistry Technologies, MN, USA). These are car-
boxyﬂuorescein-labelled ﬂuoromethyl ketone peptide inhibi-
tors of caspases, they are cell-permeable, non-toxic and
covalently bind only active caspases. Analysis of caspase activ-ity was performed using ﬂow cytometry (LSR I, BD Biosci-
ences) as described (AlRabia et al., 2004). Brieﬂy, CE were
incubated at 37 C, 5% CO2 in the presence of experimental
or control Mab (10 lg/ml), and following this, the cells were
washed and resuspended in warmed, complete RPMI 1640
supplemented with FAM-peptide-FMK for 1 hour at 37 C
in the presence of 5% CO2. Cells were washed twice and ana-
lysed immediately by ﬂow cytometry. Data was presented as
percentage positive cells in a population of eosinophils as
determined by caspase activity. This methodology has been
extensively validated for monitoring caspase activity in a vari-
ety of cell types.2.5. Flow cytometric analysis of mitochondrial membrane
potential
To measure the mitochondrial membrane potential (DWm) in
CE, we employed the cationic dye JC-1, that exhibits a poten-
tial-dependent accumulation in mitochondria, indicated by a
ﬂuorescence emission shift from green (525 nm) to red
(590 nm). Consequently, mitochondrial depolarisation is de-
tected by a decrease in the red/green ﬂuorescence intensity ra-
tio (Tatton and Olanow, 1999). Brieﬂy, CE (2 · 105) were
incubated at 37 C, 5% CO2 in the presence of experimental
Mab (10 lg/ml) for varying time points. Following this, the
cells were washed twice in PBS and resuspended in warmed
PBS with 10 lg/ml of JC-1 for 20 min at room temperature
in the dark. CE were washed twice and resuspended in PBS
and analysed immediately by ﬂow cytometry.
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Figure 2 Kinetics of changes in cultured eosinophil apoptosis. Time-course of effect of 10 lg/ml Mab-dependent ligation of pan-CD45
(Bra55), FAS (CD95), and CD69 or treatment with dexamethasone (106 M) on the constitutive rate of CE apoptosis compared with
isotype control and untreated cells. Each point represents the mean ± SEM of four experiments (*P< 0.05 compared with isotype control
or untreated cells in each case).
32 F.Q. Alenzi et al.3. Results
3.1. Ligation of CD45, CD95, or CD69 but not dexamethasone
induces CE apoptosis
Fig. 1 is a representative experiment illustrating simultaneous
measurement of apoptosis and secondary necrosis after treat-
ment with dexamethasone 106 M, or following ligation with
Mab against CD69, CD45, CD95 (Fas), or isotype control
for 48 hours. The dot plots have a typical sigmoid shape: as
CE cells ligated with CD45, CD95 (Fas), or CD69 become
apoptotic, they bind annexin V-FITC. Although apoptotic,
over time these cells exhibited secondary necrosis or late apop-
tosis, as their plasma membrane integrity was lost, allowing
them to take up PI. The cells are in the late apoptotic stage,
that is, they are both annexin V- and PI-positive. CE cultured
alone for 24 or 48 hours exhibited low levels of constitutive
apoptosis. Compared with isotype control Mab, signiﬁcant
(P< 0.05) enhancement of eosinophil apoptosis at 24 and
48 hours was observed following Mab-treatment with CD45,
CD95, or CD69 while CE were resistant to dexamethasone-in-
duced apoptosis at 106 M (Fig. 2) and also to a concentration
range from 104 to 1010 M at both 24 and 48 hours (data not
shown).3.2. Caspase activity in Mab-induced apoptosis of CE
We next investigated the role of caspase-3, -8, and -9 in
Mab-induced apoptosis of CE cells using CaspaTag. CE
were incubated with saturating concentration of speciﬁc
Mab or isotype-matched negative control Mab for 16, 20,
or 24 hours after which the cells were treated with a speciﬁc
probe for caspase-3, -8, or -9. Fig. 3 is a representative
experiment demonstrating levels of active caspase-3 follow-
ing treatment for 24 hours with optimal concentrations of
Mab speciﬁc for CD45 (Bra55), CD95 (Fas), and CD69.
We examined caspase-3, -8 and -9 activity in CE following
treatment for 16, 20, and 24 hours with experimental Mab
(Fig. 4A–C, respectively). In general, treatment with
CD45, CD95 and CD69 Mab resulted in caspase-3 and -9
activation at 16 hours post-ligation. Compared to the iso-
type control, this trend in caspase-3 and -9 activation con-
tinued to increase signiﬁcantly through to the 20 and
24 hours time points. Interestingly, the up-stream caspase-8
was activated to a higher degree when compared to cas-
pase-3 and -9 at all three time points. Because CE was rel-
atively resistant to dexamethasone-induced apoptosis,
activation of caspases after dexamethasone treatment was
not examined.
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Figure 3 Caspase-3 activation in cultured eosinophils. Representative data from ﬂow cytometry analysis of CE after incubation for
24 hours with Mab against pan-CD45, CD95, CD69, or an isotype control. The frequency histograms of number of events (y-axis) versus
ﬂuorescence intensity (x-axis) show two peaks. Caspase-3 negative () cells occur within the ﬁrst log decade of the x-axis (FL1), whereas
caspase-3 positive (+) cells are within the second and third log decade (M1).
The role of caspase activation and mitochondrial depolarisation in cultured human apoptotic eosinophils 333.3. CD45, CD95, and CD69 induce loss of mitochondrial
membrane potential
To more fully establish the intracellular pathways activated by
CD45, CD95, and CD69 Mab-dependent ligation mitochon-
drial membrane potential within CE was examined. Mitochon-
drial membrane potential (DWm) is reduced very early in
apoptosis, and this decline of DWm is associated with opening
permeability transition pores, resulting in mitochondrial swell-
ing and rupture of the outer mitochondrial membrane with re-
lease of soluble factors into the cytosol, such as cytochrome C
[17]. To study key events in Mab-induced apoptosis CE were
ligated with CD45, CD95, CD69, or isotype control for vary-
ing time points. Involvement of mitochondrial permeabilitytransition was assessed by ﬂow cytometry. JC-1 accumulates
as j-aggregates within polarized mitochondria, which emitted
light in the red spectrum following interrogation with a
488 nm laser. Following membrane depolarisation JC-1 accu-
mulates within cell cytoplasm with a resultant change in emis-
sion spectra to the green wavelength. Representative data is
demonstrated in Fig. 5A at which time a clear transition in
the staining characteristic of the JC-1 treated CE can be seen,
indicating a change in DWm following antibody treatment.
Fig. 5B illustrates the percentage of CE showing DWm follow-
ing Mab ligation with CD45, CD95 (Fas), and CD69. Treat-
ment with CD45 or CD69 signiﬁcantly increased DWm at 20
and 24 hours compared to the isotype control while CD95 liga-
tion caused a signiﬁcant elevation in DWm at all time points.
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Figure 4 Caspase activation in cultured eosinophils. Time-
course of effect of Mab-dependent ligation of pan-CD45
(Bra55), FAS (CD95), and CD69 on CE caspase-3 (A), caspase-
8 (B) or caspase-9 activity (C) compared with isotype control and
untreated cells. Each bar represents the mean ± SEM of three
separate experiments performed in duplicate (*P< .05 compared
with isotype control).
34 F.Q. Alenzi et al.4. Discussion
In this study, we utilised eosinophils differentiated fromCD34+
peripheral blood progenitors to examine apoptosis induction,
caspase activation and changes in mitochondrial membrane po-
tential following membrane receptor ligation with pan-CD45
(Bra55), CD95 (Fas), or CD69 Mab. Previous work from
Walsh’s laboratory has established that CD45- or CD69-Mab
dependent receptor ligation enhanced constitutive apoptosis in
peripheral blood eosinophil (PBE) (Walsh et al., 1996; Blaylock
et al., 1999). Here, we have conﬁrmed the role of these Mabs inapoptosis induction using CE. In vitro studies established that
relatively high concentration of glucocorticoids could induce
apoptosis of PBE (Zhang et al., 2000a; Meagher et al., 1996).
However, steroid treatment of CE failed to induce apoptosis.
One possible mechanism of resistance to the effects of glucocor-
ticoids by CE is the binding of glucocorticoid receptor to both
the glucocorticoid responsive elements and to the transcription
factor activator protein-1 (AP-1). This complex prevents gluco-
corticoid receptor from binding DNA and thus diminishes ste-
roid responsiveness (Yang-Yen et al., 1990) and has been seen
in the human lung (Adcock et al., 1995). Moreover, we cannot
exclude the possibility that the cytokines used for CE culture
or the differences in steroid receptor expression might have an
effect on apoptosis resistance.
A number of studies have demonstrated a role for caspases
in corticosteroid or CD95 (Fas) ligation-dependent apoptosis
in PBE (Letuve et al., 2001; Zangirilli et al., 2000; Zhang
et al., 2000b). In the present study, we have used a novel and
powerful technique (CaspaTag) to analyse caspase activity
in CE. The technique uses ﬂuorescein-labelled caspase inhibi-
tors that are cell-permeable, non-toxic and covalently bind ac-
tive caspase-3 (DEVD), caspase-9 (LEHD) and caspase-8
(LETD). The degree of ﬂuorescence and therefore caspase acti-
vation is directly and rapidly analysed by ﬂow cytometry. Dif-
ferences in the magnitude and kinetics of speciﬁc caspases
following receptor ligation of CE by Mab speciﬁc for different
receptors were observed. Caspase-3 was signiﬁcantly activated
by all Mab(s) tested. Activation of caspase-8 was augmented
by the addition of CD45, CD95 and CD69 at 16, 20 and
24 hours. Analysis of casapase-9 in CE revealed a similar pat-
tern to that observed for caspase-3 with the exception of CD95
and CD69 Mab-dependent ligation both of which caused
slightly higher activation of this caspase at 24 hours, indicating
a direct role for the extrinsic caspase pathway.
Peachman and his group (2001) sought to determine whether
eosinophils contained mitochondria; whether these mitochon-
dria functioned in ATP generation through respiration; and
whether they are involved in apoptosis. Interestingly, they found
that the number of mitochondria present in eosinophils ranged
from24 to 36,much lower, for example, than the 1300 plusmito-
chondria found in hepatocytes (Loud, 1968). This group further
demonstrated that eosinophilmitochondria fail to respire but do
maintain a transmembrane gradient by functional F1F0-ATP-
ase, probably by its hydrolysis of ATP generated in the cytosol.
However, they found that eosinophil mitochondrial membrane
potential decreased during eosinophil apoptosis. They went fur-
ther to suggest that a priority ofmitochondrial function in eosin-
ophils it to initiate apoptosis and not to provide signiﬁcant
respiration. Apoptosis usually involves the release of cyto-
chrome c and other proteins from mitochondria. In fact, an
argument could be made that in certain instances, the release
of mitochondrial proteins is as important for apoptosis as the
activation of pro-caspases. In spite of this, the mechanisms reg-
ulating outer-membrane permeabilization and the release of
cytochrome c remain contentious. We, therefore, investigated
the involvement of mitochondrial alterations during CD45-,
CD95-, or CD69-induced CE apoptosis. Ligation with CD95
was followed by mitochondrial permeabilization, as demon-
strated by themarked decrease inDWm at all time points suggest-
ing that apoptosis in CE following ligation with this Mab is
accompanied by mitochondrial dysfunction and subsequent re-
lease of cytochrome c. However, ligation with CD45 and CD69
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Figure 5 DWm in cultured eosinophils undergoing apoptosis. (A) Representative example of bivariate JC-1 analysis of DWm in CE by
ﬂow cytometry. Distinct populations of cells with different extents of mitochondrial depolarisation are detectable in (A) isotype control
and (B) following apoptosis inducing treatment with 10 lg/ml pan-CD45 (Bra55) Mab for 24 hours. (B) CE were ligated for varying time
points with Mab against CD45, CD95, CD69, or an isotype control. Numbers indicate the percentage change in CE demonstrating a
change in JC-1 binding characteristics (*P< .05 compared with isotype control, n= 4).
The role of caspase activation and mitochondrial depolarisation in cultured human apoptotic eosinophils 35failed to induce a change in DWm at 16 hours post-treatment
compared to isotype control even though therewas an alteration
in mitochondrial downstream-caspase activity following liga-
tion with these Mab(s) at this time point. At 20 and 24 hours
post-ligation, CD45 or CD69 induce signiﬁcantly altered levels
ofDWm. Althoughwe could not detect changes inDWm following
CD45 or CD69 ligation at 16 hours it has been suggested that
cytochrome c release can occur via volume-dependent mecha-
nisms that do not necessarily involve the induction of permeabil-
ity transition (Gogvadze et al., 2004).
In conclusion, we have demonstrated that Mab-dependent
ligation of the pan-leukocyte receptor CD45, CD95 and CD69
accelerates the constitutive rate of apoptosis in CE and involved
differential caspase activation. In contrast, dexamethasone
failed to induce signiﬁcant apoptosis. We identiﬁed caspase-3,
-8, and -9 as important, intracellular effectormolecules involved
in pan-CD45-, CD95- and CD69-mediated apoptosis in CE
cells. These studies could provide new insights in the mecha-
nisms of caspase activation and may aid information for the
development of more targeted and effective therapy for asthma.Acknowledgment
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